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Abstract 
This study focuses on pebbles bed as thermal storage system that aims to provide a thermal comfort 
inside residential buildings combining many other passive techniques to reap energy savings. 
In the present paper we introduce to an ongoing study covering the overall analysis of pebbles bed 
thermal storage experiment. The experiment will take place in under construction villa located 70km 
north of Marrakech. The pebbles bed was excavated directly in the earth and connected to an air tower 
that contains multifunction unit for blowing/extracting hot or cold air from/to the pebbles bed. This 
installation allows various sets of thermal charges and discharges. The system components will be 
modeled taking into account thermal losses of the storage system towards the surrounding soil. This study 
is expected to assess the efficiency limits and whether it can succeed to achieve the yield required to 
reduce power consumption. 
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1. Introduction 
Population growth has led to a big leap on the building sector as an accommodating space to a 
tremendous human growth all over the world with an increase in energy demand that will for sure exhaust 
governmental economic resources by the heavy accumulative bill. Thermal requirements in buildings to 
boost thermal comfort levels make buildings sector consumes up to 36% of the total energy in national 
scale [1] that makes the buildings the first concern for any study aims to reducing power consumption and 
improving the efficiency of energy in residential buildings. 
In light of the need for thermal energy in term of storing heat/cold for heating/cooling uses, the objective 
here is to determine the feasibility of using pebbles bed in order to achieve a storage that corresponds to 
the heat absorbed by the pebble following the elevation of the temperature. The high effusivity and low 
diffusivity that pebbles have are valorized for thermal storage. Diffusivity of rocks used is around 1.3x10-
6m2/s where the effusivity is about 3'000 uSI. 
In designing the pebbles bed, one of most important aspect to consider is the size of pebbles used. The 
larger the size of the pebble the larger is the air-pebbles exchange surface is lower but the pressure losses 
will get higher therefore trade-off is needed. The most important factor is that the size of pebbles must be 
as uniform as possible to avoid significant pressure losses. Different sizes were used in experiments 
described in literature. Kreider [2] and Temple & Adams [3], based on the achievements and 
experimental analysis they have completed, recommended an average diameter of pebbles 25 to 38mm. 
Other sizes are used worldwide, within a range of 30 to 80mm. Choudhury et al. [4] made a study about 
different diameters, according to the cost-benefit, recommended 10-50mm.Duffie and Beckman [5] 
mentioned that pressure drop might be reduced by installing large size storage elements, however thermal 
performance may decrease. 
Regarding the pebbles bed volume, Sunliang [6] and Hasnain [7] recommended 300 to 500 kg of pebbles 
per m2 of solar collector, which corresponds to 0.15 to 0.25m3 of pebbles per m2 of solar collector. The 
proportion of pebbles volume, for the storage day -night, according to the solar capture surface should be 
0.3 to 0.4 m3 per m2 of the solar collector [2,3].  
2. Description & operation 
The considered system consists of two layers of pebbles, separated and wrapped by polyane film and 
surrounded by two beds of sand. The depth of each layer is 50cm. pebbles have diameter of 40 to 60mm 
in the upper layer while on the lower one the size is 60 to 80 mm. Both layers are connected directly to 
the air tower, and are interconnected by rectangular openings as shown in figure 1. 
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Fig. 1 (a)The two layers of pebbles bed; (b) Polyane film wrapping pebbles bed 
 
The pebbles bed are closed from one side by gluing the polyane film but open from the across side 
connected to the air tower, while it contains multifunction units for blowing air to pebbles as well as for 
extracting this air to be blown into the rooms and home facilities. 
The system will operate to store heat to be used for cold season, and to store cold to be used during hot 
season. Thus the bed will be charged by hot air till it reach certain temperature set to 48°C, to be used 
during winter (November to March). The same procedure is used for charging the pebbles with cold air 
provided by air tower until we get the storing temperature that is 22°C to be used during summer (April to 
September). 
Monitoring the pebbles bed will be done by installing probes (PT100), inside the two layers of bed and 
partitions to be connected to a data acquisition.  
TRNSYS software [8] will be used for modeling the pebbles bed system connected to the villa. Type 56 
for multizone buildings in connection with type 10 of rock bed is used to simulate the pebbles bed, to 
describe the thermal behavior of the system annually taking into consideration the meteorological data. 
 
 
3. Conclusion 
 
The results of the different installations of pebbles bed realized in the literature indicate that this 
technique is one of efficient passive method to reduce the usage of electrical power on air conditioning 
purposes. The present work is a part of a research project aiming to determine efficient passive techniques 
including pebbles bed for Marrakech climate. Theoretical and experimental work will be conducted 
during this study. 
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